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Authorities. For example the blood levels achieved may be plus or minus 20% in 80% or more of the

subjects when compared to an equivalent product.

"Dissolution profile" as used herein, means a plot of amount of active ingredient released as a function

of time. The dissolution profile may be measured utilising the Drug Release Test (724) which incorporates

5 standard test USPXXI1 1990. <Test(7it». A profile is characterised by the test conditions selected. Thus the

dissolution profile may be generated at a preselected shaft speed, temperature and pH of the dissolution

media.

it will be understood that since the theophylline compound is provided in a sustained release pellet form

significantly less fluctuations in plasma theophylline concentrations at steady state over a 24 hour period

ro are generated. This is expected to result in less toxic and more effective therapeutic activity.

Similarly, it has been found that the pharmaceutical pellet composition according to the present

invention generates less diurnal variation and less peak to trough variations in plasma theophylline

concentrations than prior art preparations.

Moreover, the pharmaceutical pellet composition according to the present invention shows no evidence

,a of dose dumping. The bioavailability of the theophylline generated Irom the pharmaceutical pellet composi-

tion is not compromised by food so that compliance will improve as the product may be taken without

regard lo meals.

The theophylline compound in the pharmaceutical pellet composition may take any suitable form. The

theophylline compound may be provided in an anhydrous or hydrous form. The theophylline compound

?o may be provided in a salt form. By the term "theophylline compound", as used herein we mean a

compound selected from theophylline and derivatives thereof and other xanthines and derivat.ves thereof.

An ethylene diamine salt of theophylline may be used.

The active ingredient may be available lor absorption even in regions of the gastrointestinal tract which

are not sufficiently alkaline to dissolve the enteric core coating component.

Thus the active ingredient is available tor absorption in an absorption region substantially immediately

after the pyloric sphincter in the patient. Such an absorption region may generally be characterised by a pH

between approximately t .2 and 5.S.

Absorption will substantially occur in the small intestine but since absorption will continue over an

extended period of time, then some absorption will occur additionally some way into the large intestine.

Accordingly, in a preferred aspect according to the present invention there is provided

a sustained release pharmaceutical pellet composition including a core element including at least one active

ingredient including a theophylline compound: and

a hybrid core coating which coating provides a relatively constant tow rate ot release at a highly acidic pH

and a relatively constant higher rate of release at a less acidic to basic pH over an extended period of time.

05 The hybrid core coating may include

at least one insoluble matrix polymer; K»A *

at least one enteric polymer which is substantially insoluble at acidic pH but at least partially, soluble at a

less acidic to basic pH:

at least one component which is at least partially soluble at acidic pH.

so It has been found necessary in order to achieve a slow rate of release at acidic pH ot theophylline and

a faster relatively constant rate of release over an extended period of time to include the above three

components in the hybrid core coating.

Preferably the enteric polymer is readily soluble at a less acidic to basic pH.

Preferably the at least partially water soluble component is a readily water-soluble component.

„s Accordingly the hybrid core coating may include an effective amount ol

a matrix polymer which is substantially insoluble independent of pH

an enteric polymer whose solubility Is pH dependent, and

an at least partially water soluble component.

The rate of dLofution at high.y acidic pH ol the hybrid core coating «« depend on the

at least partially -ater soluble component, and the thickness of the coating. Typ.cal coretf^WI*"
he range of approximately s «, 200 um. preferably approximately *0 to 80 um. ft «... be

according*. tfTthe rate of absorpfon may be modified by modifying the thickness and/or the compose

°'^nZTE-. o, the a, .eas, one partiai.y so.ub.e component and,or

of the coating to achieve the minimum ^solution profile at an highly acidic pH ha, been es.abb hed. then

i, is simply abetter of design cho,ce to adjust the condition andor thickness^^^^
« haVbeen found that by manipulating .he partiai.y acid soluble consent andline a "s«

component one can modify the release properties ol the polymer coaling. With theophyll.ne as ihe achve

30
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substance, dissolution is stow at an acidic pH and increases substantially at a less acidic to basic pH.

Moreover, the dissolution rate may be controlled by modifying the concentration of the partially acid soluble

and enteric component as welt as the thickness of the polymer film.

Moreover, the dissolution rate may be controlled by modifying the concentration of the enteric polymer

3 component in the hybrid core coating.

Accordingly in a preferred aspect the hybrid core coating may include

approximately 10 to 95% based on the total weight of the hybrid core coating, excluding niter and

plasticiser, of at least one insoluble matrix polymer selected from

acrylic ester polymers, methacrylic ester polymers and mixtures thereof:

to approximately * to 30% by weight based on the total weight of the hybrid core coating, excluding filler and

plastictser, of at least one enteric polymer selected from cellulose acetate phthalate. hydtoxypropyl methyl-

cellulose phthalate (HPMCP). polyvinyl acetate phthalate, methacrylic acid copolymer, hydroxypropyl

methytcetiulose acetate succinate, shellac, cellulose acetate tnmellitate and mixtures thereof: and

approximately 1 to 60% by weight based on the total weight of the hybrid core coating excluding filter and

is plasticiser of an at least partially acid soluble component selected from polyvinylpyrrolidone, hydroxypropyl

cellulose, hydroxypropyl methytcellutose. polyethylene glycol, polyvinyl alcohol and monomers therefor and

mixtures thereof.

Particularly preferred enteric polymers include synthetic resin bearing carboxy I groups. The methacrylic

acid copolymer sold under the trade designation "Eudragtt L30D* has been found to be suitable.

20 The at least one enteric polymer may be present in the coating in an amount of from approximately 1 to

30% by weight, preferably 2.5 to t0% by weight, based on the total weight of the hybrid core coating

excluding weight of filler and plasticiser.

The at least partially acid-soluble component may preferably be selected from polymers such as

polyethylene glycol, polyvinyl pyrrolldone. hydroxypropyl cellulose, hydroxypropyl methyleellulose or mon-

35 omers such as sugars, salts, or organic acids and mixtures thereof.

The at least partially acid-soluble component may be present In the coating in amounts of from

approximately 1 to 60%. preferably 20 to 40% by weight, based on the total weight of the hybrid core

coating excluding weight of tiller and plasticisers.

The at least one Insoluble matrix polymer may preferably be selected from polymers or copolymers of

30 acrytates or methacryiates having a low quaternary ammonium content may be used. The acrylic acid ethyl

ester: methacrylic add methyl ester (70:30) copolymer sold under the trade designation "Eudragit NE30D*

has been found to be suitable.

The at least one insoluble matrix polymer may be present in the coating in an amount of from

approximately 10 to 95% by weight preferably 40 to 70% by weight based on the total weight of the hybrid

35 core coating excluding weight of filler and plasticiser.

Preferably the weight ratio of enteric polymer.insoluble matrix polymerwater soluble exctpient is

approximately 2.5:70:20 to 10:40:40.

The hybrid core coating may further include

at least one plasticiser; and optionally

40 at least one filler.

The hybrid core coating may preferably include

approximately 2.5 to 50% by weight based on the total weight of the hybrid core coating of at least one

plasticiser selected Irom diethyl phthalate. triethyl citrate, triethyl acetyl citrate, triacetin. tributyl citrate,

polyethylene glycol and glycerol and the like; and

<s 0 to approximately 75% by weight based on the total weight of the hybrid core coating of a fillet selected

from insoluble materials such as silicon dioxide, titanium dioxide, talc, alumina, starch, kaolin, polacrilin

potassium, powdered celMose. and microcrystatline cellulose and mixtures thereof.

It will be understood that the plasticiser used may be largely dictated by the polymer used in the

coating formulation, and the solubility of the plasticiser in the coating media. The plasticiser may function to

50 improve the physical stability of the pellet. A plasticiser is particularly preferred where the entenc polymer

ts of relatively tow molecular werght. It should be noted that acid or water soluble plasticisers can also be

used to function as the partially acid soluble component.

The plasticiser may be present in any suitable effective amount. Amounts of from approximately 25 to

50% by weight preferably 5 to 30% by weight based on the total weight ot the hybrid core coating.

55 excluding filler, have been found to be suitable.

4
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Preferred hybrid core coating include

(insol. matrix) Ethyl cellulose 40-70%

(Enteric polymer) Hydroxypropylmethyl cellulose phthaiate 2.5-10%

5 (Acid-soluble) Polyethylene glycol 20-40%

(Plasticrser) Diethyl phthaiate 2.5-30%

of

(Insol. matrix) Eudragit NE30O 40-70%

10 (Enteric polymer) Eudragit 130D 2.5-10%

(Acid-soluble) polyethylene glycol 6000 NF 20-40%

(Plastic iser) Trlethylcitrate 2.5-30%

20

As stated above the hybrid core coating may further include at least one filler. The at least one filler

may be selected from those insoluble fillers listed below lor the manufacture of the core element.

The filler may be present in any suitable effective amount. Amounts of from 0 to approximately 75% by

weight, preferably 0-50% by weight based on the total weight of the core coating have been found to be

suitable.

In a preferred aspect of the present invention the core element of the pharmaceutical composition, may

include

an effective amount of a theophylline compound;

at least one core seed: and

at least one binding agent.
5

The theophylline compound may be present in any suitable effective amount. The theophylline

compound may be present in amounts of approximately 10 to 95% by weight, preferably approximately 20

to 90% by weight, based on the total weight of the core element. The binding agent may be present in

amounts of from approximately 0 to 45% by weight preferably approximately 0 to 10% by weight based on

the total weight of the core element.
10

The binding agent may be of any suitable type. Suitable binders may be selected from polyvinylpyr-

rolidone, hydroxypropyl cellulose, hydroxypropyl methylceilulose. methylcellulose and hydroxyethyl cel-

lulose, sugars and mixtures thereof. The binding agent may be provided in the form of a granulating

solution. An aqueous or organic solvent may be included. Methanol, ethanol or mixtures thereof may be

used as solvents.
3S

The size and amount of the core seed may vary substantially from approximately 425 um to 1700 urn

dependina upon the amount of active ingredient to be included. Accordingly, the core seeds may vary from

approximately 5 to 95% by weight, preferably 10 to 75% by weight based on the total weight of the core

element. The core seed may be of such a diameter to provide a final core element having a diameter of

approximately 500 to 2000 um.
J° The core seed may be of any suitable type. A sugar or an active cote seed may be used.

The core element may further include other earners or excipients. fillers, stabilizing agents and

colorants. Suitable fillers may be selected from insoluble materials such as silicon dioxide, titanium dioxide,

talc, alumina, starch, kaolin, polacril.n potassium, powdered cellulose, and microcrystalline cellulose and

mixtures thereof. Soluble fillers may be selected from mannitol. sucrose, lactose, dextrose, sodium chloride.

4S
sorbitol and mixtures thereof.

,

The filler may be present in amounts up to approximately 75% by weight based on the total weight of

the core element.

Typical core formulations may be prepared in the amounts as follows;

S5

5



284 P02 .15.94.93 19:25
'

EP 0 377 517 A2

Spheronisation T

Extrusion

-r

Theophylline 1

Core seeds

hydroxypropyl cellulose

-1

20 - 90%

t0 • 75%

6.1 - 10%

(extrusion agent)

(tiller)

Theophylline

microcrystalline cellulose

hydtoxypropy» cellulose

lactose

20 - 90%
1 . 20%

01 - io%

0 . 60%

20
the toial w

25

1 Core Coating

1 Formulation

———

i

A. Insoluble matrix polymer

Enteric

Acid soluble

Ptasticiser

40-70)
2.5 • 10 ) I

excluding

20 - 40) 1 solvent

2.5-30)
|

Solvent
85 - 97% of total coating

lormuia.

. ~, ni nolvmers formulation A becomes

B. For aqueous recursion or suspense ol polymers

_ .

Insoluble matrix polymer

Enteric

Acid soluble

piasticiser

40 * 70 ).

2.5- 10)

20 - 40 )

2.5 - 30

)

%
exctuding

solvent

— 75 - 97% of total coating

Wa*e< formula

so
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70

70

a theophylline compound;

at least one binding agent:

tSmEW £22 •* theophylline compound and binding agent to torn-, core element
CM

n

9
. preLed lorn, the a. ..as, on, bnding agent is provided in a granting J?£

roatL step may be conducted as a sphe-or.isation process. The iphMrwkon process mcludes

34 .^ core seeds with the «*. ingredient and simultaneously adding the granulafng soluhon

thereto The spheronuation process may be conducted in a spheronising machine,

Tan alternative aspect of the present invention, the method according to the present lnver*on may

tn a further alternative aspect of the present invention, the method tor prepar.ng

include

pioviding

a theophylline compound:

at least one binding agent: and

an effective amount of a solvent.

"'zrs^crrrr^r^ «... ».«^ •

any way as a restriction on the generality of the invention specif.ec* above.

EXAMPLE 1

Soheronised Core Composition t

Theophylline

Sugar seeds

Hydroxypropyl cellulose (dissolved in methanol)

250kg
7.5 kg

0.52 kg

75.7%

22.7%

1.6%

55
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Extruded Cote Composition 2

Theophylline 400 kg 87%

microcrystalline cellulose 4.0 kg 8.7%

hydroxyoropyf cellulose 2.0 kg 4.3%

water as required

Hybrid Core Coating Composition A

ethy(cellulose N-100 t04g 59.8%

polyethylene glycol SOg 28.8%

hydroxypropylmethyl cellulose phthalate 7.0 g 4.0%

diethyl phthalate 129 g 7.4%

methanol 1331 g

methylene chloride 1331 g

Hybrid Core Coating Composition 8

Eudragit NE30-0 (as 30% dispersion in water) 30 0 kg 52.45%

Eudragit L30D {as 30% dispersion in water) 2.5 kg 4.37%

polyethylene glycol 6.14 kg 35.78%

methyl citrate 1.27 kg 7.4%

talc 15.9 kg

water 82.0 kg

Spheronised Core Manufacture

The sugar seeds were placed In a spheronlser. The sugar seeds were then coated with a dry mixture ol

the active ingredients and inactive exctpients whilst concomittant^ adding a solution of the binder

components.

The wet cores so formed were then dried In a fluidised bed dryer for i hour.

Extruded Core Manufacture

The components of the extruded core composition were admixed to form an extrudable composition.

The composition was then extruded through a side plate extruder and the extrudate marumerised to form

wet cores.

The wet cores so formed were then placed in. a fluid bed dryer for 1 hour.

Pellet Manufacture

The dried spheronised cores l and 2 were ih*n placed in a fluid bed coaling apparatus. The hybrid

core coating compositions A and B were then sprayed onto the cores 1 and 2 to form pellets A and 8

respectively. At the conclusion of the process, the pellets were fluid bed dried.

A dissolution test was conducted on the pellet compositions A and B utilising the test method USPXXH

t990. (Test 711). A sample is dissolved in an aqueous medium previously degassed and equilibrated to

37* C. The media are USP pH 1 .2 media without enzymes and pH 7.5 phosphate buffer. A sample of known

volume is withdrawn at designated time intervals from the bath as directed and subjected to a suitable

assay procedure. The mg o* theophylline released as a lunctton of time »S plotted as the dissolution profile.

8
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The tests were conducted at pH t .2 and pH 7.5.

1h9 baskets containing the samples were rotated at approximately 50 rp.m. and the aqueous medium

maintained at approximately 37* C.

The results are given in Tables 1 to 4 and Figures t and 2 herein. The results of pellet composition B at

5 pH 1.2 and 7.5 are given in Tables 1 and 2 respectively. The hybrid coating on pellet composition A allows

dissolution at pH 1 .2, a significantly (aster rate ol dissolution is observed at pH 7.S. The results ol pellet

composition A at pH t .2 and 7.5 are given in Tables 3 and 4 respectively, similar results to that obtained

Irom composition A.

W TABLE 1

DISSOLUTION DATA FOR PELLET COMPOSITION 8

MEASURED AT pH 1.2

(AVERAGED DATA FOR 6 SAMPLES)

TIME MG (STD % RELEASED (STD

MIN. RELEASED OEV) OEV)

60 30.33 (1.56) 9.87 (0.41)

120 62.16 (2.71) 20.23 (0.68)

180 88.21 (377) 28.70 (0.92)

240 -111.77 (4.43) 36.37 (1.09)

300 135.11 (5.48) 43.96 (1-28)

360 (5650 (3.91) 50.93 (0.67)

420 179.85 (6 80) 58.52 (1-54)

480 20155 (5.87) 65 59 d 12)

TABLE 2

DISSOLUTION DATA FOR PELLET COMPOSITION B

MEASURED AT pH 7.5

(AVERAGED OATA FOR 6 SAMPLES)

TIME MG (STD % RELEASED (STD

MIN. RELEASED DEV) OEV)

60 72.13 (170) 23.B1 (0.38)

120 137.49 (3.15) 45.00 (0 67)

180 195.03 (3.81) 68,84 (0.87)

240 242.12 (453) 79.25 (103)

300 275.41 (294) 90.17 (167)

360 291.02 (1.11) 95.27 (120)

420 301.84 (361) 98.81 (1.04)

480 307.84 (2-39) 10077 (0.81)
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TABLE 3

DISSOLUTION DATA FOR PELLET COMPOSITION A
MEASURED AT pH 1.2

(AVERAGED DATA FOR 3 SAMPLES)

TIME MQ (STD % RELEASED (STD
MIN. RELEASED DEV) DEV)

60 29.91 (098) 9.71 (0.31)

120 60.21 (2.19) 19.55 (0 89)

160 90.78 (1 88) 29.48 (058)
260 132.35 (2.97) 42.96 (0.93)

TABLE 4

DISSOLUTION DATA FOR PELLET COMPOSITION A
MEASURED AT pH 7.5

(AVERAGED DATA FOR 3 SAMPLES)

TIME MG (STD % RELEASED (STD
MIN. RELEASED DEV) DEV)

60 70.74 (0S2) 22.98 (020)
120 141.78 (0.90) 46 02 (0.36)

180 206.66 (1.56) 67.08 (0.53)

260 271.62 (326) 88.17 (1-19)

EXAMPLE 2

CLINICAL TRIALS
*0

PHASE I - SINGLE DOSE 3TUDY

43 Phase l was a three-way crossover single dose study to compare the relative bioavailability of Pellet

Capsules according to the present invention with the reference product Ellxophyllln* elixir, a rapid release

tormuiation demonstrated to be completely bioavaHable. The eifect of food on the bioavailability ol Pellet

Capsules was also examined.

Both products were administered to eighteen healthy, non-smoking, adult subjects. The subjects were
w randomized by weight into three equal size groups I, 11 and III. These groups were then randomly sorted

into either regimens A. B or C.

All dosing regimens were administered after a twelve hour overnight last, and regimen B was
administered immediately alter food.

A • Elixophyllin* elixir (150 mg in 28 mL). administered with 152 mL water on two separate occasions

ss six hours apart, to give a total ol 300 mg ol theophylline.

B - Pellet Capsules including pharmaceutical penets according to the present invention. 300 mg ol

theophylline administered as a single dose with 180 mL of water immediately after the standard FDA
. recommended *htgh fat" breakfast.

10
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C * Pellet Capsules including pharmaceutical pellets according to the present invention. 300 mg ol

theophylline administered as a single dose with 180 mL of water.

The washout period between each dosage regimen was one week.

Absotption

The results summarised in Table 5 indicate that the extent of absorption of Pellet Capsules taken

tasting is equivalent to that ol Elixophyllin*. since statistical analysis {Analysis of Variance) of the parameter

to area under the curve (AUCo-«i) shows no significant difference at p = 0.05.

Bioavailability - Effect of food

,5 The results summarised in Table 5 indicate that Pellet Capsules taken with food are absorbed to an

equivalent extent when compared with both products taken fasting. This demonstrates that there is no

reduction in the extent of absorption when Pellet Capsules are coadministered with a high tat meal and no

evidence of dose dumping. When the formulation was coadministered with food, absorption was marginally

delayed This delay is of no relevance at steady state alter multlpte dosing.

to The results summarised in Tables 5 and Figure 3 indicate that Pellet Capsules fulfill the requirements of

a sustained release product. While a single 300 mg dose of Pellet Capsules achieves a peak plasma

concentration of 4.5 mg/L irrespective of the presence of food, the same dose of the reference product

Etixophytlin" would achieve a peak plasma concentration approximately twice that value. In addition the time

taken to reach peak plasma concentration is longer for Pellet Capsules compared with Elixophylkn .
This

25 demonstrates that Pe«et Capsules can provide therapeutic plasma theophylline concentrations witb.n the

defined narrow therapeutic concentration range with a decreased probability of theophylline toxicity due to

lower peak to trough variations in blood levels. on*
in summary, this single dose study demonstrated the general sustained-release attributes of the Pellet

Capsules theophylline formulation and highlighted the additional advantage of lack of food effect on the

30 extent of theophylline absorption and decreased peak to trough variations in blood levels.

50

35

11
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TABLE 5

to

25

Comparison ol Pharmacokinetic parameters (mean SO) tor single doses of

theophylline obtained from 18 healthy subjects

REGIMEN

DAD AmiCTKtl A B C STATISTICAL

ANALYSIS

Elixophyllin* Peltet Capsule Peltet Capsule

fasting as with food as fasting

F% - 942 94.5 n.s. ,

(1 1.5)

AUComl 97.1 90.9 91.2 n.s.*

mg.h/L; (33.7) (31.3) (33.8)

Cpmax 4.5 4.5 A>B = C«

rng'L (2.0) (10) (12)

1.3 9.5 8.0 e>oA'
h (0-9) (17) (1-3)

t*0-75Cpmax 8-0 10 3 n.s.
1

h (1.3) (3.5)

7.6 9.0 89 A<B =C
h (1-9) (14) (2.0)

Kei 0.10 0 08 0.08 A>B*C»

h
r '

(0.02) (0.02) (002)

oo a - Analysis of Variance

b - standard deviation

c • not significant at p = 0.05

d - Cpmax - for comparison the Elixophyllin is expressed as twice the value obtained

following the first dose.

33 e - NewmarvKeuls Multiple Range Test tor significance

f - Student's Paired West

PHASE II - MULTIPLE DOSE STUDY

Phase II was a three-way crossover multiple dose study to compare the plasma steady state

theophylline concentrations produced by three different formulations: Pellet Capsule pelletised sustained

d3
release capsules. Theo-DurR sustained release tablets and Moulin" tablets. Neulin* is an immediate release

theophylline product.

All products were administered to eighteen healthy, nonsmoking, adult subjects. The subjects were

fandomtsed using elixophym^
,,
clearance values and then randomly sorted into either regimens A, B or C.

Each subject's dose was tailored using single dose study data to obtain steady state plasma theophylline

50
concentrations of approximately 10 mg/L.

All dosing regimens were administered with 180 mL of water. The products were administered at equal

dosing intervals for six days. The subjects consumed a Xamhtne-free but otherwise unrestricted diet.

Sampling commenced after five days of chronic dosing.

A - Neulin* tablets administered four times a day (Six hourly)

S5
b * Pellet Capsule capsules administered twice a day (twelve hourly)

. C - Theo*0ur ft

tablets administered twice a day (twelve hourly).

12



285 P04 15.04.33 19:33

EP 0 377 517 A2

Absorption

The results summarised in Table 6 indicate that the extent of theophylline absorption is comparable

between the products Pellet Capsules. Theo-Dur" and Neulin" alter multiple dosing. In addition, the

bioavailability (F) of theophylline is comparable between the sustained release products Pellet Capsules and

Theo-Dur
R
relative to Neufin"

Twice Ooily Dosing

'0

The results summarised in Figure 4 indicate that after steady state plasma theophylline concentrations

were achieved. 75% of the peak plasma theophylline concentrations were maintained throughout the dosing

interval. These prolonged values demonstrate a sustained period of therapeutic plasma theophylline

concentration, Indicating that no more than twice daily dosing is necessary with Pellet Capsules to achieve

fs maintenance of plasma concentrations within the recommended therapeutic range.

Fluctuations

20 The efficacy and toxicity of theophylline is directly related to the plasma theophylline concentration. The

optimum therapeutic concentration range is 5 to 20 mg/L (Hendeies and Weinberger, 1983). Thus

theophylline has a narrow therapeutic index. Plasma concentrations below 5 mg/L generally result in less

than optimal bronchodilatatton while concentrations above 20 mg/L are often associated with theophylline

toxicity.

?s Theophylline »s used prophytactically in the management of asthma and chronic obstructive airways

disease <COAD>. requiring continuous theophylline therapy for prolonged periods of time. When Pellet

Capsules are administered at the appropriate dosing rate, the plasma theophylline concentrations observed

are maintained within the defined therapeutic range.

The results summarised In Tables 6. 7 and 8 indicate that over a twenty lour hour period. Pellet

jo Capsules exhibit significantly less fluctuation (percentage fluctuation) in steady state plasma theophylline

concentration compared to Theo-Dur". This demonstrates that Pellet Capsules achieve more reliable

plasma theophylline concentrations within the therapeutic range and is a more reliable sustained-release

theophylline product.

Diurnal Variation

Analysis of the percentage fluctuation at steady stale plasma theophylline concentrations (Student's

paired t-test) (Tables 6. 7 and 8) reveals that there is less diurnal variation in plasma theophylline

<o concentrations when Pellet Capsules are compared with Theo-Our". There is no difference in the extent of

fluctuation during a twelve hour dosage Interval either during the day or during the night with Pellet

Capsules. In contrast. Theo-DuV exhibits significantly more fluctuation in plasma theophylline concentration

during the day than during the night. Pellet Capsules exhibit less fluctuation m plasma theophylline

concentration during the day compared to Theo-Our* although the extent of fluctuation during the night is

*s comparable between the two sustained release products. These results confirm the diurnal variation

reported in the literature for other commercially available products (Reed et at., 1986) and emphasise that

Pellet Capsules is an improved formulation.

The multiple dose study confirms the results of the single dose study and highlights the additional

advantages of significantly less diurnal variation as percent fluctuations in plasma theophylline concentra-

so tions at steady state.
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TABLE 6

Steady state pharmacokinetic parameters (mean + SD) for

theophylline following administration of 3 theophylline

preparations to 18 healthy subjects.

REGIMEN

w
PARAMETER A

NEULIN
R

B

PELLET CAPSULES

C

THEO-DUR
R

STATISTICAL

ANALYSIS

F% • 102.3 103 n.s.V

IS

(14.4)° (11-2)

AUC 208.7 211.8 214.3
d

n* s

.

TOTAL 24 hr

30
mg.h/L (31.7) (33.3) (37.1)

%FLUCTUATION 54,0 26.3 44.8 A>OBd

day€ (16.0) (10.5) (15.3) • BC*
25

% FLUCTUATION 58.5 25.8 33.9 A>C=Bd

night (19-5) (9-1) (10.5) n.s.
a

30
% FLUCTUATION 66.5 36.7 53.1 A>OBd

total (18.9) (13.7) (H-1) B C
a

35 cPmin da* 6 ' 9 7.8 7.2 B>C»A
d

mg/L (1-3) (1.5) (1.3)

<»0

30

55

14
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Table 6 continued . . .

REGIMEN

PARAMETER A B C STATISTICAL

NEULINR PELLET CAPSULES THEO-DUR
R ANALYSIS .

fo . night 7.0^pmin y . 7.8 A<B=C
d

mg/L (1-3) (1.4) (1.3)

rn dAv 10.5CPmax Qay AV 9.8 10,4 n.s.
d

mg/L (1.8) (1-9)

CPmax night 10.9 9.6 10.4 B<C-A
d

mg/L (1.4) (1.3) (2.1)

11.7 9.7 8>C
a

t>0.75CPmax
h (day) (.06) (2.1)

11.8 10.9 B>C
a

t >0.75CPmax
h (night) (0.4) (1.4)

Student's paired t-test

standard deviation

not significant at p » 0.05

Analysis of Variance

% Fluctuation

Peak concentration * minimum concentration x 100

minimum concentration

a

b

c

d

e

so

55
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TABLE 7

Comparison of the mean (rSO) values for the day and night time intervals at

steady state plasma theophylline concentrations obtained from 18 healthy

subjects.

PARAMETER PRODUCT OAY NIGHT STATISTICAL

ANALYSIS*

8a.m.-8p,m. 8p.m.-8a.m.

AUC
mg.h'L

Pellet Caps

Theo-Dur
ft

1087 (18.8)*

106.0(18.1)

105.1 (156)

108-4(204)

n.s.
c

n.s.

%FLUCT.

steady-state

Pellet Caps

Theo-OurR
26.3(10.5)

44 8 (153)

25.8 (91)

33.9 (10-5)

n.s.

day> night

Cpma*

mg/L

Pellet Caps

Theo-Dur*

9.8(1.8)

10.4(1.9)

9.6(1.3)

10.4 (2.1)

n.s.

n.s.

Cp(W»

mg/L

Pellet Caps

Theo-Our*

7.8(1.5)

7.2(1 3)

77(1.4)

77(1.3)

n.s.

ntght>day

fc0.75

Cp„,wh
Pellet Caps

Theo-Dur"

117 (0.6)

97 (2.1)

11-8 (0.4)

10.9(14)

n.s.

n.s.

a - student's paired Mest

b - standard deviation

c • not significant at p » 0.05

TABLE 8

40

Comparisons of the number of subjects and fluctuations

of plasma theophylline concentrations for the

sustained-retease products at steady-state.

Time(h) Fluctuation^/*) Number of subjects

Pellet Theo-Dur*

capsules tablets

0 <30 6

30-40 8 t

24 40-50 1 7

(night/day) >50 3 9

0 <30 11 7

30-40 6 4

12 40-50 1 7

(night) >50 0 0

12 <30 13 2

30-40 3 4

24 40-50 2 7

(day) >50 0 5

Finally, it is to be understood that various other modifications and/or alterations may be made

departing from the spirit of the present invention as outlined herein.
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Claims

1 . A sustained release pharmaceutical pellet composition comprising

a core element comprising a theophylline compound: and

« a core coating for. the core element which is partially soluble at a highly acidic pH to provide a slow rate of

release of theophylline compound and wherein the theophylline compound is available for absorption at a

relatively constant faster rate in the intestine over an extended period of time.

2. A sustained release pharmaceutical pellet composition according to claim I. wherein the theophylline

compound <s an ethylene diamine sail of theophylline.

J0 3. A sustained release pharmaceutical pellet composition according to either of claims I and 2 wherein

the core coating in use. generates a dissolution profile for the sustained release composition, which is equal

to or greater than the minimum dissolution profile required to provide bioeauivaience with a capsule or

tablet containing an equal amount of the theophylline compound in a sustained release form.

4. A sustained release pharmaceutical pellet composition according to claim 3, wherein a first

f 5 dissolution profile is measured at a pH level approximating that of the stomach and a second dissolution

profile is measured at a pH level approximating that of at least one point in the intestine: the first and

second dissolution profiles for the sustained release composition each being equal to or greater than the

minimum dissolution required to provide substantial bioequivalence with a capsule or tablet containing the

theophylline compound in a sustained release form.

20 5. A sustained release pharmaceutical pellet composition according to claim 4, wherein the composition,

in use. exhibits less peak to trough variations in plasma theophylline concentrations at a steady state over a

24 hour period, relative to a theophylline compound in a sustained release capsule or tablet form and/or

exhibits less diurnal variation in plasma theophylline concentration relative to a theophylline compound in a

sustained release capsule or tablet form.

25 6- A sustained release pharmaceutical pellet composition comprising

a core element comprising

at least one theophylline compound of high solubility:

a hybrid core coating, which coating provides a low rate of release of theophylline compound at a highly

acidic pH and a relatively constant higher rate of release at a less acidic to basic pH over an extended

no period of time: the hybrid core coating comprising

at least one polymer which is substantially insoluble independent of pH;

at least one enteric polymer which is substantially insoluble at acidic pH but at least partially soluble at a

less acidic to basic pH; and

at least one component which is at least partially soluble at acidic pH.

as 7. A sustained release pharmaceutical pellet composition according to claim 6 wherein the hybrid core

coating comprising

approximately 10 to 95% based on the total weight of the hybrid core coating, excluding filler and

plasticiser. of at least one insoluble matrix polymer selected from

acrylic ester polymers, methacrylic ester polymers and mixtures thereof;

*9 approximately 1 to 30% by weight based on the total weight of the hybrid core coating, excluding filler and

plasticiser, of at least one enteric polymer selected from cellulose acetate phthalate. hydroxypropy! methyl-

cellulose phthalate (HPMCP). polyvinyl acetate phthalate. methacrylic acid copolymer, hydroxypropy!

methylcellulose acetate succinate, shellac, cellulose acetate trimellitate and mixtures thereof: and

approximately 1 to 60% by weight based on the total weight of the hybrid core coating excluding filler and

45 plasticiser of an at least partially acid soluble component selected from polyvinylpyrrolidone, hydroxypropy!

cellulose, hydroxypropyl methylcellulose. polyethylene glycol, polyvinyl alcohol and monomers therefor and

mixtures thereof.

8. A sustained release pharmaceutical pellet composition according to claim 7. wherein the hybrid core

coating comprises

so approximately 40 to 70% by weight of the insoluble matrix polymer:

approximately 2.5 to 10% by weight of the enteric polymer; and

approximately 20 to 40% by weight of the partially acid-soluble component.

9. A sustained release pharmaceutical pellet composition according to either of claims 7 and 8 wherein

the hybrid core coating further includes

55 approximately 2.5 to 50% by weight based on the total weight of the hybrid core coating of at least one

plasticiser selected from diethyl phthalate. triethyl citrate, methyl acetyl citrate, triacetin. tnbutyt citrate,

polyethylene glycol and glycerol and the like: and

0 to approximately 75% by weight based on the total weight of the hybrid core coating of a f.Mer selected

17
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from insoluble maiarials for example silicon dioxide, titanium dioxide, laic, alumina, starch, kaolin, pclacrilin

potassium, powdered cellulose, and microcrystalline cellulose and mixtures thereof.

10. A sustained release pharmaceutical pellet composition according to claim 9 wherein the hybrid core

coating has a formulation

Ethyl cellulose 40 to 70%

Hydroxypropylmethyl cellulose phthalate 2.5 to 10%
Polyethylene glycol 20 to 40%
Diethyl phthalate 2.5 to 30%

1 1 . A sustained release pharmaceutical pellet composition according to claim 9 wherein the hybrid core

coating has a formulation

(Insol. matrix) Eudragit NE30O 40-70%

(Enteric polymer) Eudragit L30D 2.5-10%

(Acid-soluble) polyethylene glycol 6000 NF 20-40%

20 (Pfasticiser) Triethylcitrate 2.5-30%

12. A sustained release pharmaceutical pellet composition according to claim 8 wherein the core

element includes an effective amount of

a theophylline compound; optionally,

at least one core seed, and

at least one binding agent.

13. A sustained release pharmaceutical pellet composition according to claim 12 wherein the core

element has a formulation

Theophylline 20 to 90% by weight

Sugar seeds 10 to 75% by weight

Hydrox.ypropylceMulose 0.1 to 10% by weight

14. A sustained release pharmaceutical pellet composition according to claim 12 wherein the core

element has a formulation

Theophylline 20 to 90% by weight

HydroxypropylcelMose 0.1 to 10% by weight

Microcrystalline cellulose t to 20% by weight

Lactose 0 to 60% by weight.

15. A pharmaceutical sustained release product in a unit dosage form including a plurality of pellets,

each pellet having the composition as claimed in any one of the preceding claims.

10. A method for preparing a sustained release pharmaceutical pellet composition, which method

comprises providing

a core element comprising

a theophylline compound; and

at least one binding agent; and

a hybrid core coating composition including a solution, suspension or dispersion of

at least one polymer which is substantially insoluble independent of pH:

at least one enteric polymer which is substantially insoluble at acidic pH but at least partially soluble at a

less acidic to basic pH; and

18
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at least one component which is at least partially soluble at acidic pH:

introducing the core element into a fluidised bed reactor, and

spraying the hybrid core coating composition onto the core element.

17 A method according to claim 16. which method comprises the preliminary step of

providing

a theophylline compound:

at least one binding agent;

at least one core seed: and .

coating me core seeds with the active ingredient and binding agent to form a core element.

1 8 A method according to claim 1 5 which method comprises the prel.rn.nary steps of

pioviding

a theophylline compound;

at least one binding agent; and

an effective amount of a solvent.

wrth equal amounts o< a theophylline compound in a sustained release capsule or tablet form.

IS.

tod

at 3
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